Fuel cell vehicles (FCV) are a promising technology for Japan to achieve GHG emissions reduction and a selfsufficient energy system, but they have not been installed to a significant extent because of the "Chicken and Egg" dilemma between the roll-out of FCV and hydrogen stations. This research aims to identify the conditions under which hydrogen stations can be installed as economically feasible and continue to be utilized after installation with the initial level of hydrogen use. In order to achieve these aims, the hydrogen station business model is integrated with wind power, taking advantage of low marginal costs of this form of electricity generation. Considering the objectives of business, profit optimization of the business model is targeted. The results are analysed in three steps. Firstly, whether the business model provides incentive for investment. Secondly, whether the hydrogen station is utilized after its construction. Finally, through the analysis of the change in the local economy and in CO 2 emissions caused by the energy system, the feasibility of the model is reinforced. From the analysis, it is suggested that by taking advantage of the low marginal cost of wind power, hydrogen stations can be utilized profitably while having positive impacts on the local economy and CO 2 emissions.
Introduction
Sustainability requires that society`s impact on the environment is reduced from the present, particulary with regards to greenhouse gas emissions. Renewable energy may be one key element of sustainable energy futures, but there are a number of challenges to its integration in the current energy mix and expansion. Hydrogen is one promising technology which may contribute to meeting the challenges of renewable energy installation, particularly providing a storage medium for reducing issues of intermittency. Energy is a vital lifeline of society and, in addition to the potential environmental impacts, Japan is facing a problem in its energy system. Since the nuclear disaster in Fukushima in 2011, the energy consumption in Japan has been depending on imported fossil fuel at a rate of almost 90% of primary energy consumption according to the Ministry of Trade and Industry (METI) [1] . This is problematic not only in terms of GHG emissions and energy security, but also from a point of view of the national trade deficit. According to METI [2] , imports of fossil fuels in 2013 reached approximately 27 Trillion JPY and this contributed significantly to the country`s largest trade deficit ever, 11 Trillion JPY. Moreover, imports of fossil fuel are also placing an economic burden on local economies in the form of an outflow of cash. For example, the net imports of Kochi prefecture in 2010, which means the outflow of cash to other areas or countries, were 663 Billion JPY and 16% of these net imports were due to purchases of oil and coal [3] . In order to address this problem, renewable energy may play an important role due to the potential available within each local area. By utilising local renewable resources, significant improvements in the current situation may be achieved.
In terms of transportation, FCV are one important technology available to meet this problem of energy import dependence. In the context of the GHG reduction target for 2030 published by the Japanese government, which aims for 27.5% reduction from the transportation sector [4] , 56% of energy consumption in the transportation sector is shown to utilise gasoline [5] . Because FCV can reduce CO 2 emissions significantly when hydrogen is produced using renewable resources such as wind power, they may be able to replace gasoline vehicles and help achieve this target. However, FCV have not been installed to any great extent to date. One of the reasons is the difficulty of rolling-out infrastructure. FCV expansion is a typical "Chicken and Egg" dilemma. For example, if there are only a few hydrogen stations, consumers may be reluctant to buy FCV because it is inconvenient to refuel. On the other hand, if there are no FCV purchases, no one wants to build hydrogen stations because it is not an attractive business. Thus, an attractive business model is necessary -particularly in the early stages of FCV installation.
For feasible hydrogen station installation, the initial cost should be recovered through the project period. This condition is expressed as Eq. (1), where is the hydrogen sales during year t, is the operational expenditure of the hydrogen related equipment during year t, which does not include the depreciation of capital expenditure, and is the capital expenditure of the project. Ir is the interest rate offered for investment. If the profit ratio from the project against the capital expenditure is lower than the discount rate through the project period, the investment will not be undertaken and the capital is maintained as a cash deposit to gain interest from the bank.
∑
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Because the cost recovery through the project period is still difficult for stand alone hydrogen stations, this paper considers the cost recovery in combination with wind power.
From the background and assumptions above, this research mainly focuses on three points. Firstly, this research focuses on hydrogen use for FCV. As mentioned, replacing gasoline with renewable energy-based hydrogen may contribute not only to reduction of GHG emissions but also to reduction of imports of oil. Because a model for hydrogen station installation is particularly important at the early stages, this research especially analyses the feasibility of a suitable model for introduction of FCV installation according to two criteria (whether hydrogen stations are installed and whether they are utilized after construction).
Secondly, this research focuses on wind power to combine with hydrogen stations in the business model. Wind power may contribute to recovering the initial cost of installation in the business model, because the levelised cost of electricity (LCOE) of onshore wind power in Japan is cost competitive with other resources [6] . LCOE of onshore wind power lies between 9.9 and 17.3 JPY / kWh and this is lower than oil thermal power, which is between 22.1 and 25.1 JPY / kWh. The other reason is that as the marginal cost of wind power is low, the running costs can be reduced for the hydrogen production business. Thus, this research assumes an energy system in which hydrogen is produced from wind power and provided to fuel cell vehicles through hydrogen stations.
In addition to the economic feasibility of the business model, considering the purpose of this research, this system should have a positive impact on the local economy and environment (GHG emissions as a proxy here). In order to evaluate these aspects, inventory analysis was combined with the Input-Outpt (IO) table and 3EID [18] , which gives the "sectoral embodied environmental burden intensities calculated using Japanese input-output tables" [18] . The IO table is used to calculate the economic impact of a certain change in economic demand created in the system. The optimization program utilised here, calculates the newly created demand on the system, for example produced hydrogen. Then, by inputting the results of the optimization into the IO table, the impact on the local economy and GHG emissions are examined.
Finally, this research chooses Hokkaido as a case study. According to the Ministry of Environment (MOE) [7] , Hokkaido has the largest potential for wind power in Japan. In addition to this, FCV might be more promising than Electric Vehicles (EV) (one competing technology) specifically in Hokkaido. EV are also a technology which enables the utilization of renewable energy for transportation. However, on the point of range of travel possible on one charge, FCV are generally superior [8] . Moreover, EV have two disadvantages in cold weather (common in Hokkaido, as the northermost prefecture of Japan). One is that the energy consumption for running the air conditioner shortens the range (unlike fuel-based vehicles which typically use waste heat from combustion to produce heating). The other is that under low temperature conditions, the specifications of batteries tend to become lower; including longer time to charge and shorter range than normal conditions [9] .
Taking the above into consideration, this research aims to demonstrate that the situation where hydrogen stations are introduced and utilized after construction is feasible considering the current cost-technological standards. In addition, by confirming that the partial replacement of the current energy system by wind power and hydrogen have a positive impact on the local economy and GHG emissions, the feasibility of the energy model is expected to be reinforced.
This research is considered to offer two points of originality in comparison to studies to date. One is the division of the business model of hydrogen use into two parts: investment and utilization. The other is to examine integration of hydrogen production and wind power, which may enable the business model to take advantage of wind power's low marginal cost.
Methodology
In order to examine the feasibility of hydrogen station installation using wind power, the analysis is divided into four parts. The first is the design of the energy system. This is done using qualitative criteria. Then, once the system is designed, it is analysed using three quantitative methods: a profit optimization program using linear programing, an economic ripple effect analysis using economic input-output (IO) tables and life cycle assessment of CO 2 emissions. This section presents the methodology of the analysis in detail.
Design of Energy System Model
As discussed already, this research examines a hydrogen station energy system model combined with wind power use. The system model is described in Figure 1 . In this model, as a business model, a part of the electricity generated from wind power is sold to the electricity market and the rest is supplied to produce hydrogen using an electrolyser, then stored and provided to consumers with FCV via hydrogen stations. As a system boundary, storage devices other than hydrogen and accommodating electricity demand outside Hokkaido are not considered. 
Optimization program
In order to evaluate the model, the objective of the business is taken to be: maximisation of profit under a given scenario. A profit maximization program was designed, which provides various parameters as outputs to analyse the conditions for hydrogen introduction from the viewpoint of a company. The time scope of the optimization program is set as one year. Because the lifetime of each equipment item is different, in order to calculate the capital expenditure on equipment more precisely, and to annualise the costs, the capital expenditure on each equipment item is divided by its lifetime. In addition, because the total project period is not set in this optimization program, and in order to provide a consistent match with the IO table, a discount rate is not considered. As the objective function, profit from the business model is defined as Eq. (2), where HSales is the sales of hydrogen, ESales is the sales of electricity, Capex is the depreciation of capital expenditure on each piece of equipment including wind turbines, electrolyser and hydrogen station, and Opex is the operational expenditure on each equipment item. All are measured in monetary units. i indicates each item of equipment: wind turbine, electrolyser and hydrogen station.
Three important constraints and parameters are applied to the model, and are briefly introduced below.
Electricity Demand and Supply
It is considered as a primary important condition that demand and supply of electricity always balance. Electricity demand refers to the actual hourly data in 2014 provided by Hokkaido Electric Power Company (HEPCO) [10] . Electricity supply is defined as the sum of electricity from wind turbines in this business model and electricity provided by sources outside of the business model. When electricity supply exceeds the demand for hydrogen production and other loads, the excess electricity can be wasted in order to maintain a balance. In other words, electricity supply has flexibility as long as the electricity demand for hydrogen production is satisfied. Electricity supply from wind turbines, at the same time, determines the sales of electricity with a base-case assumed price set as 15 JPY/kWh.
Electricity Supply from wind turbine
Wind turbines are located at 14 places in each "Shicho" (subprefectural governing unit) of Hokkaido, in order to avoid the allocation of wind turbines being concentrated in one place, and wind turbines are allocated to these 14 places as a result of the optimization program in order to best achieve profit and match demand. The output of wind turbines in each place is determined by the wind velocity. The function between wind velocity and electrical output is derived from the actual behaviour of wind turbines described in the literature [11] . Assuming the efficiency of the wind turbine is only affected by wind velocity, Figure 2 shows the relationship between the efficiency of a windmill and wind velocity. Additionally, when the wind velocity is lower than 4m/s or higher than 26m/s, the wind turbine cannot work for practical and safety purposes [11] . The wind velocity at each location at a certain time is converted to electric output following these rules. Hourly wind velocity in each place and time is obtained from the NEDO database "METPV-11" [12] . This data is then converted to the hourly average power output of wind turbines in each location. Using the data generated, 14 places with the best potential in each "Shicho" in Hokkaido are chosen as those locations with the best annual overall output. This gives the output from the wind turbines per kW capacity.
Hydrogen demand and supply
As well as electricity, hydrogen demand and supply should also balance. In terms of hydrogen demand, yearly hydrogen demand from FCV is calculated based on the yearly gasoline consumption per car in Hokkaido as shown in Eq. (3) 
DPD is 25.82 [km / car ・ day] according to MLIT [13] . According to TOYOTA [14] , the FCV they launched in 2014 has a hydrogen tank with 122L capacity at 70MPa pressure, which is equivalent to 84.56Nm 3 . This car has a range of 650km on one full tank. Thus, ε_FCV is set as 7.69 km / Nm 3 . Therefore ∑ is 3.357 Nm 3 . In order to convert it into an hourly basis, this research assumes that the working hours of hydrogen stations are from 9am to 9pm. While hydrogen is distributed only during working hours, hydrogen production can be at any time, according to wind conditions. And daily demand is distributed evenly throughout the day, because consumer's behaviour is uncertain and case-dependent. Thus the hydrogen demand per hour is simply 3.36 divided by 12, so CFCV (t) is 0.28 [Nm 3 /h] during 9am and 9pm and other than that, it is set as 0. By multiplying this by the number of FCV, the total hydrogen demand is determined.
From the perspective of hydrogen supply, this is provided using part of the electricity generated by the wind turbines. When is the electricity utilized for hydrogen production at time t and HHV is the high heat value of hydrogen and Elecef is the efficiency of the electrolyser, the hydrogen supply at time t is expressed as Eq.(4). HHV is 3.54 kWh / Nm 3 and Elecef is assumed as 80% following Mistushima and Matuzawa [15] . (4) In addition to these two factors, hydrogen demand and supply are accommodated by charge to and discharge from hydrogen storage onsite at the hydrogen station. Each station has 2100 Nm 3 storage as per [16] 
Economic Ripple Effect Analysis
As one of the objectives of this research, the influence of the energy system on the local economy is analysed. When new demand is created by installation of a new energy system or its components, it causes demand for new production in other sectors. So, installing a wind turbine requires new production of components, such as steel and machines, as well as service requirements from other sectors. IO-table analysis is the method used here to estimate this production inducement effect. This inducement effect continues successively from demand in one sector to the other sectors, and can then flow on still further, but this research only estimates the first-level production inducement effect. The change in production is determined by the change in final demand and the change in exports using a Leontief inverse matrix, shown in Eq. (5), where I is the identity matrix, ̅ is the diagonal matrix of import rate of products, A is a input coefficient table, F is the final demand vector and E is exports. In practice, as this energy system does not consider exports to other countries or regions, E is always zero.
In order to caluculate the economic ripple effect, the installed capacity of each component in the hydrogen energy system is converted to a final demand in monetary units. Firstly, by multiplying the unit price / cost of each component, the installation amount is converted to Japanese Yen. These demand factors are then connected to the relevant sectoral demand items in the IO-table. This process is described in Figure 3 . At the time of installation of the hydrogen energy system, some demand factors, like demand for gasoline are anticipated to decrease due to their replacement with hydrogen. These replaced items are evaluated as reduced (negative) demand caused by the installation. On the other hand, capital items are anticipated to cause positive demand through requirements for parts and materials. Each item was investigated individually. 
Change in CO 2 Emissions
3EID includes the estimation of CO 2 emissions from each industry per 1 million JPY production. Because the IO table indicates the change in economic activity of each industry, by using this inventory, it is possible to estimate the change of emissions from each industry when the classification of industries are identical in the inventory and IO-table. In the case study, the IO-table has 109 industry sectors, while the inventory only has 108 sectors based on the basic Japanese 108 sector IO-table. Thus, the inventory must be divided into 109 sectors before the analysis can be undertaken. The specific Hokkaido IO table separates "crops" in the IO table of Japan into "crops for eating" and "crops not for eating". Thus, the emissions of "crops" in the inventory are separated into two components equally weighted according to the "crops for eating" and "crops not for eating" in the IO table. The change in CO 2 emissions caused by the energy system installation is estimated as the product of the economic influence of the system and the inventory.
Evaluation of the result
The optimization analysis is divided into three parts: configuration, calculation and evaluation of the results. Configuration was described in the previous section. Calculation is executed by using the GAMS software. The evaluation is to check whether the two conditions for hydrogen station installation are satisfied. The evaluation follows three criteria. Firstly, the size of the system is confirmed. This is judged from the amount of introduced wind turbines. The amount of wind turbines is simply determined by the sum of wind turbines in each place.
Then, in order to check whether the conditions to build hydrogen stations are satisfied, the Sales Profit Rate of the system is utilised as an indicator. The Sales Profit Rate is calculated by dividing the profit from the business model, which is the value of the objective function, by the total annualised cost of the system, which includes both running costs and depreciation expenses of the equipment. When this indicator is positive, initial investment will be recovered and further profit will be obtained after the project period (under the assumptions used in the model). The reason why this research uses a "rate" of sales profit is that the performance should not be measured by the size of the system because this research is specifically considering a system in the initial roll-out stages of FCV utilisation.
Finally, the profitability of hydrogen against running costs is evaluated. This corresponds with the condition of whether hydrogen-related equipment is utilized after it is built. This is determined by subtracting the running cost of the electrolyser and hydrogen station from the sales of hydrogen. When this indicator is positive, the operation of the hydrogen station has an incentive to be maintained under the situation where the initial investment has already been made.
The variables obtained through optimization are input into the IO-table and inventory model in order to complete the analysis. The results of these analyses is evaluated by the change in GDP and CO 2 emissions in Hokkaido.
Results

Scenario Analysis: Number of FCV and Hydrogen ratio to electricity generation
Characteristics of the energy system are analysed more comprehensively by using a range 0f values of FCV share in Hokkaido and the hydrogen production ratio compared with the total electric generation from wind turbines. FCV share is set at five levels: 1%/ 5%/ 10%/ 15%/ 20%. Considering the number of gasoline vehicles in the residential sector in Hokkaido, these scenarios are equivalent to 27,000-540,000 FCV. The hydrogen ratio is set at seven levels: 1% / 5% / 10% / 15% / 20% / 25% / 30%. By changing these two parameters, the feasibility of the system is evaluated for each combination. 
Feasibility of the system
Of the 35 scenarios developed with the above two parameters, 25 scenarios are successful in satisfying the constraints. The remaining 10 scenarios are found to be infeasible (shown in Table  1 ). Due to the assumption of not allowing electricity from outside of the business model to be used to produce hydrogen, when the demand for the electricity from wind turbines is too large, because wind turbine installation reaches the limit of potential [17] , the system becomes infeasible. The demand for electricity from wind turbines is ultimately determined by the number of FCV, which determines the demand for hydrogen, and by the ratio of how much electricity is utilized for hydrogen production. From the definition of this ratio, when the ratio is low, electricity demand from wind turbines is high.
Size of the system
The size of the energy system installation is influenced by both scenario parameters as shown in Figure 4 . From the perspective of FCV share, the greater the number of FCV, the more wind turbines are installed. The relationship between hydrogen ratio and the size of the system is approximately linear, though it is disturbed by the influence of the characteristics of hourly wind and the upper limit of wind turbines in 14 places. 
Sales Profit Rate
From the results shown in Figure 5 , from the perspective of sales
profit rate there appears to be a peak or optimum for each share of FCV tested, after which the sales profit rate declines in a similar fashion for increasing hydrogen ratio. This indicates that after the FCV share-specific peak, sales profit rate is almost unaffected by FCV share, which suggests that hydrogen ratio is the dominant factor of this system.
Another interpretation of the result is that the sales profit rate faces a trade-off between flexibility of hydrogen production and the upper limit of wind turbine installation. When hydrogen ratio is high, hydrogen production is more likely to be affected by the intermittency of wind power. Thus, the lower the hydrogen ratio is, the higher the sales profit ratio is. On the other hand, from the viewpoint of wind turbine allocation, locations with strong wind are prioritized. However, when the hydrogen ratio is lower, in order to supply electricity to the grid, places with lower efficiency have to be utilized as well. The curve shown in Figure 5 represents the trade-off between these two factors. Another interpretation of this result is that the sales profit rate faces a trade-off between flexibility of hydrogen production and the upper limit of wind turbine installation. When the hydrogen ratio is high, hydrogen production is more likely to be affected by the intermittency of wind power. Thus, the lower the hydrogen ratio is, the higher sales profit ratio is. On the other hand, from the point of wind turbine allocation, places with strong wind are prioritized. However, when the hydrogen ratio is lower, in order to supply electricity to the grid, place with lower efficiency have to be utilized as well. The curve shown in Figure 5 represents the trade-off between these two factors.
Profitability of Hydrogen
Profitability of hydrogen is evaluated as the profit per hydrogen station -this measure is chosen so that the evaluation is not affected by the total installed capacity. The profit is defined as the hydrogen sales minus the operational expenditure of the electrolyser and hydrogen station. The results are shown in Figure  6 . The change in the profitability of hydrogen is, as shown in Figure 7 , affected by the capacity factor of the hydrogen station. The capacity factor of a hydrogen station is defined by Eq. (6), where is the capacity factor of a hydrogen station, WH is the accumulated working hours of the hydrogen station through the year, which is 4380 because in this research the working hours of hydrogen stations are set as 12 hours a day, is the hourly capacity of the hydrogen station to supply hydrogen, which is set as 300 Nm 3 considering METI [18] and NoS is the number of hydrogen station. (6) In this research, because the storage capacity of hydrogen is determined by the number of hydrogen stations, the capacity to accommodate the gap between the supply from wind power and the demand from FCV is determined by the number of hydrogen stations. As seen in Figure 7 , the capacity factor of hydrogen stations decreases with the hydrogen ratio. This is because the higher the hydrogen ratio is, the more the intermittency of wind restricts the behaviour of wind power and electrolyser. Then because hydrogen stations cannot provide hydrogen on demand, more hydrogen stations are necessary in order to increase the amount of hydrogen storage. The higher number of hydrogen stations leads to higher running costs. When the hydrogen ratio is 30%, no FCV share can achieve the conditions required for hydrogen station utilization. On the other hand, when the FCV share is high the absolute number of hydrogen stations, and thus the amount of hydrogen storage, is higher. However, at the same time (as shown in Figure  8 ), the larger the size of the system, the greater the installation of wind turbines and the lower the capacity factor of wind turbines. This is because when the amount of hydrogen required is larger, wind turbines will be constructed not only in the areas of best wind conditions, but also in places with lower wind capacity.
Marginal Cost of Hydrogen Production
In this model, wind power and hydrogen stations are integrated so there is no need to buy electricity from outside to produce hydrogen. Moreover, using wind power the marginal cost for hydrogen production is almost zero. On the other hand, in the case where the hydrogen production is combined with thermal power plant or relies on the purchase of electricity from the grid, it is necessary to procure electricity with the cheapest marginal cost. Thus, the significance of wind power in this model is examined by showing the breakeven marginal cost of electricity for hydrogen production in order to satisfy the condition of utilization of the hydrogen station. The results are shown in Figure 9 . As the hydrogen ratio increases, the breakeven cost decreases, as the profit itself decreases. From these results, buying electricity from outside can be seen as not suitable in most practical cases for this hydrogen energy model. Even when the hydrogen ratio is as low as 1%, the required marginal cost in order to break even is 5.1 JPY / kWh. Judging from the current wholesale electricity prices, this would be difficult to achieve. Moreover, combining with other electricity generation technologies is also typically not suitablefor example, the marginal cost of coal-fired power is calculated as 5.1 JPY /kWh [6] . Therefore, it is difficult to construct an economically feasible hydrogen station model combined with electricity sources other than renewable energies with low marginal cost, represented by wind power in this paper.
Additional analysis on Electricity Price Impact
The influence of electricity price on sales profit rate was further examined in order to understand more of the dynamics of the system. By fixing FCV share as 1%, the change in sales profit against various electricity prices was analysed shown in Figure 10 .
When the electricity price is 5 JPY/kWh, there is no hydrogen ratio that can achieve a positive sales profit rate, while when electricity is 20 JPY/kWh, the sales profit rate is positive regardless of the hydrogen ratio. When the electricity price is low, the system may only remain profitable by decreasing the rate of hydrogen production (under the conditions of this model).
Economic Influence on Hokkaido
The results of economic ripple effect analysis show that in all scenarios in this study, the influence on Hokkaido`s economy is positive (as shown in Figure 11 ). In addition, the magnitude of the influence is dependent on the FCV share. The economic influence can be divided into two components: the final demand and the economic ripple effect. These two factors have different tendencies when compared to each other (As shown in Figure 12 ). With regard to final demand, when the hydrogen ratio is low, the negative influence caused by replacement of oil is larger than the economic influence of new created demand. Regarding the economic ripple effect, on the other hand, because the supply chain of wind turbine installation is assumed to be mainly inside Hokkaido, while the oil supply chain is not, as the hydrogen ratio increases, the production inducement also increases. In total, the positive influence exceeds the negative.
Figure 11 Economic Influence of the Energy System on Hokkaido
In all the analysed scenarios in this study the energy system contributes to the reduction of CO 2 emissions within Hokkaido (as shown in Figure 13 ). This impact can also be divided into the contribution from final demand and from production inducement effect (as shown in Figure 14) . As with the economic impact, these two factors have also different tendencies. The change in final demand creates a significant reduction of CO 2 emissions because of the reduction of oil caused by the replacement of oil-based electricity with wind power. On the other hand, the economic ripple effect leads to an increase in economic activity, which ultimately increases CO 2 emissions even though the emissions factor for energy utilised in industry decreases from the current energy system. In total, because the influence caused by the direct oil replacement is larger, there is a net CO 2 emission reduction in all scenarios. 
Discussion
Through this analysis, the feasibility of the energy system from the business model and macroscopic viewpoints were examined.
From the perspective of the feasibility of the business model, it is analysed from two viewpoints: installation and utilization. The first is indicated to be unrelated to the size of the installation as long as it does not reach the upper potential limit of wind power. It is highly influenced by the electricity price.
The second point is affected by the number of hydrogen stations, which fill the dual role as storage. When the hydrogen ratio against electricity is low, the flexibility of hydrogen production is high, which leads to lower requirement for hydrogen stations and, thus, higher profitability of hydrogen. In terms of the share of FCV, a simple, clear relationship with hydrogen profitability could not be confirmed. Instead it is affected by the magnitude of wind turbine installation, because when wind turbines are allocated, the places with better wind potential are prioritized however, as the system size increases, the total capacity factor of wind turbines decreases as lower wind potential sites are utilised. This indicates that the considered business model specifically suits for the beginning stages of hydrogen introduction, as it may only work effectively when wind turbines are allocated to places with superior wind conditions. Despite its overall high potential for wind power, such locations are limited even in Hokkaido.
From the viewpoint of macroscopic influence, in all scenarios the influence on local GDP and on the CO 2 emissions are positive. Specifically, the dominant factor of economic influence is FCV share. In terms of CO 2 emissions, the dominant factor is the replacement of oil by wind power. The FCV share, determines the demand for electricity from wind power so the larger the share, the larger the impact.
There are a number of limitations to this study, which would offer scope for further development. Firstly, the risk of the model is not discussed sufficiently, considering investment risk and other socio-economic risks. The research does not consider the possible change in economic environment and conditions of support after the investment is complete. Thus, the robustness of the system already built should be further discussed including, for example, the possible change of demand and supply. From the perspective the of hydrogen energy system, this research regarded the number of FCV as given. However, FCV are still expensive and especially at the beginning, due to the lack of infrastructure, there may be barriers for installation. The possible behaviour of both consumers and the business model should be analysed, as a means of examining the transitional performance of moving towards a hydrogen economy.
Conclusions
Throughout this study, the feasibility of the hydrogen station installation model is analysed from the viewpoints of business model, influence on the local economy and the change in CO 2 emissions.
This research has two key conclusions. One is that, by dividing the business model into investment and utilization, the lower marginal cost of wind power is evaluated as useful -especially at the beginning of hydrogen station installation. Once the hydrogen station is built, it is likely to be utilized when it is integrated with the wind power business model.
The other is that, as long as the energy system model is feasible from the viewpoint of the business model, it also has positive impact on local economy and on CO 2 emissions. This finding may provide the incentive for local/ national governments to aid or subsidise the installation of the system in order to activate the local economy and reduce CO2 emissions, which would makes it easier to achieve this energy system.
